Ammonium polyphosphate (APP) was substituted for 0, 50 and 100% of the P supplied by defluorinated rock phosphate (DRP) in corn-soybean meal diets for growing rats and growing-finishing (G-F) pigs. The diets were formulated to contain 10% protein, .75% Ca and .60% P. Two-thirds of the P in the control diet was supplied by DRP. Replacement of 50 or 100% of the DRP with APP increased the dietary N by 7.25 and 14.5%, respectively. To evaluate nonprotein N (NPN) utilization, we used ammonium chloride (NH4CI) to provide a level of N equivalent to that supplied by APP when it replaced 100% of the P supplied by DRP. These four treatments were repeated with supplementation of limiting amino acids (L-lysine, L-tryptophan and DL-methionine. Daily feed intake, rate of gain and feed:gain (F:G) of rats and G-F pigs were not influenced (P>.05) by the substitution of APP for DRP as a P source in corn-soybean meal diets with or without supplemental amino acids. F:G was improved (P<.05) by the addition of limiting amino acids to diets for pigs, and a similar trend occurred in rats. The addition of NH4CI to the 10% protein diets as a source of NPN resulted in no observable benefit for growing rats or G-F pigs. Percentages of ham and loin, percentages of bone ash and P content of the bone ash in pigs were not influenced by the dietary treatments.
Summary
Ammonium polyphosphate (APP) was substituted for 0, 50 and 100% of the P supplied by defluorinated rock phosphate (DRP) in corn-soybean meal diets for growing rats and growing-finishing (G-F) pigs. The diets were formulated to contain 10% protein, .75% Ca and .60% P. Two-thirds of the P in the control diet was supplied by DRP. Replacement of 50 or 100% of the DRP with APP increased the dietary N by 7.25 and 14.5%, respectively. To evaluate nonprotein N (NPN) utilization, we used ammonium chloride (NH4CI) to provide a level of N equivalent to that supplied by APP when it replaced 100% of the P supplied by DRP. These four treatments were repeated with supplementation of limiting amino acids (L-lysine, L-tryptophan and DL-methionine. Daily feed intake, rate of gain and feed:gain (F:G) of rats and G-F pigs were not influenced (P>.05) by the substitution of APP for DRP as a P source in corn-soybean meal diets with or without supplemental amino acids. F:G was improved (P<.05) by the addition of limiting amino acids to diets for pigs, and a similar trend occurred in rats. The addition of NH4CI to the 10% protein diets as a source of NPN resulted in no observable benefit for growing rats or G-F pigs. Percentages of ham and loin, percentages of bone ash and P content of the bone ash in pigs were not influenced by the dietary treatments. (Key Words: Phosphorus Source, Ammonium
Introduction
Ammonium polyphosphate (APP) 3 is a readily available alternative source of P for livestock feeds. It has been evaluated recently and found to be a satisfactory source of P for growing-finishing (G-F) pigs (A. J. Clawson, unpublished data). It has not been evaluated as a nonprotein N (NPN) source. NPN should be of most benefit to growing rats or pigs when added to a diet containing the minimum level of essential amino acids necessary to meet the animals' requirements with no excesses and with an otherwise inadequate level of N for production of the nonessential amino acids. The diet should also contain an adequate level of energy. Wehrbein et al, (1970) substituted NPN for graded levels of protein in a 16% protein corn-soybean meal diet for G-F pigs. The diet was formulated to meet the lysine requirement, and thus contained an excess of many of the essential amino acids and an excess of nonessential amino acids (total N), as well. Feed intake, daily gain and N retention (as a percentage of intake) were all reduced by the additions of NPN. Platter et al. (1973) also reported that the substitution of NPN (1.5% protein equivalent supplied by monoammonium phosphate) for soybean meal protein produced .no effect on body weight gains or feed consumption by pigs given either 12 or 15% protein diets. In a more definitive experiment, Platter et al. (1973) added 3.1% protein equivalent from NPN to a 10.9% crude protein opaque-2 corn-soybean meal diet. N retention did not differ significandy between animals fed the diets containing NPN and those fed a 14% protein corn-soybean meal control diet.
The objective of the present studies was to evaluate APP as a source of P and NPN for growing rats and G-F pigs. bDiets 5, 6, 7 and 8 were the same as diets 1, 2, 3 and 4, except that they were supplemented with L-lysine (.2%), L-tryptophan (.02%) and DL-methionine (.1%).
CContalned: 45% water, 1096 N and 14.5% P. dcontsined: 26.20% N.
econtained: salt, 94 to 97%; Zn, .8%; Mn, .6%; Fe, .2%; sulfate sulfur, .1%; Cu, .06%; 1, .016%, and Co, .015%.
fSupplied per 100 kg of diet: vitamin A, 333,000 IU; vitamin D, 33,000 IU; riboflavin, 110 mg; pantothenic acid, 500 mg; nicotinic acid, 165 mg; choline chloride, 22 g; vitamin B12 , 11 rag, and Butylated hydroxytoluene, 12 grams.
Experimental Proceduru
Trial 1. Fifty-six weanling rats 4 with an average starting weight of 53 g were used. Seven rats (three males and four females) were randomly allotted from sex and weight groups to each of eight diets. The rats were fed ad libitum in individual raised-bottom cages equipped with automatic nipple waterers. Fresh feed was provided every third or fourth day, and the rats were weighed and feed consumption recorded weekly during the 4-week experiment. A 10% crude protein corn-soybean meal diet formulated to contain .75% Ca and .60% P was used as the control (see table 1 for analysis). Two-thirds (.4%) of the total P in diet 1 was supplied by defluorinated rock phosphate (DRP). In diets 2 and 3, APP was used to replace 50 and 100%, respectively, of the P supplied by DRP. ~Wistar strain colony maintained as an inbred line at North Carolina State University.
s Allied Chemical Corporation, Industrial Chemicals Division, HopeweH, VA 23860.
The replacement of DRP with APP increased the dietary protein equivalent by .8 and 1.67%, respectively. Ammonium chloride s (26% N) was used in diet 4 to provide a level of NPN equivalent to that supplied in diet 3, but the P was supplied by DRP. Diets 1 to 4 (table 1) were formulated to contain .42% lysine, .11% tryptophan and .25% methionine plus cystine. Diets 5 to 8 were similar to diets 1 to 4 except that they were supplemented with L-lysine (.2%), L-tryptophan (.02%) and DL-methionine (. 1%).
Trial 2. Sixty-four pigs (average starting weight 22 kg) wel, e used. The pigs were housed individua/ly in a completely enclosed building in 1.25 x 3 m pens with slotted floors. The experiment was conducted during the fall and winter.
The same dietary formulas (10% protein) that were used in trial 1 for the rats were used for the pigs. Assignment of pigs to replications was by litter, with average starting weights evenly divided among treatments. Four barrows and four grits were assigned to each treatment.
The pigs had free access to their respective diets in self-feeders and to automatic waterers. The pigs were weighed and feed consumption was recorded at 2-week intervals until the animals weighed 94 kg, an average of 13 weeks. Pigs were removed for slaughter individually at an average weight of 94 + 2.8 kilograms. Percentage of ham and loin was determined by weighing the trimmed cuts from each half of the carcass. The carcasses were weighed with the head and leaf fat removed. Percentage of bone ash was determined from the fat-free dry metacarpal, and Ca was determined with an atomic absorption spectroscope 6 with an oxygen acetylene flame and a maximum wavelength of 211 nanometers. P was determined by the method of Koenig and Johnson (1942) The data from both trials were analyzed by the least-squares analysis of variance appropriate for the randomized complete block design. Statistical procedures were those of Barr et al. (1976) . The results are summarized as means for each treatment, with individual pigs or rats as the experimental units. The experimental error is expressed as the standard error (SE).
Results and Discussion
APP was equivalent to DRP as a source of P for growing rats (table 2) . Feed intake and daily gains were increased slightly when APP was substituted for DRP, but the treatment differences were not significant. Daily gains and feed to gain ratios (F:G) were improved (P<.05) by the addition of amino acids (diets 1 to 4 vs 5 to 8). This difference was significant (table 2 and figures 1 and 2) for the controls (diets 1 vs 5), but not for the diets containing NPN (diets 2, 3 and 4 vs diets 6, 7 and 8). There was no apparent benefit from the NPN supplied by the APP, inclusion of an equal level of N supplied by NH4CI did not result in improved performance by the rats (P>.05; diets 1 and 5 vs 4 and 8, respectively). Performance was not impaired in rats fed diets containing NPN from APP.
Dietary P source (APP versus DRP) did not influence daily feed intake, rate of daily gain or F:G (P>.05) of G-F pigs (table 3) . Newman and Elliott (1976) reported similar results, indicating that monosodium phosphate and tripoly-6 Perkin-Elmer Corp., Norwalk, CT.
phosphate were equivalent to DRP and to dicalcium phosphate as sources of supplemental P for G-F pigs fed barley-SBM diets, according to rates and efficiencies of gain. Sullivan et al. (1974) made similar observations; i.e., triplesuper phosphate, diammonium phosphate and sodium phosphate were about equally available to turkey poults. In the present experiment, APP was a satisfactory source of supplemental P for G-F swine.
There was no apparent benefit (P>.05) from NPN supplied by the APP. This was true both when no supplemental amino acids were provided (diets 1 vs 2 and 3) and when limiting amino acids were supplied (diets 5 vs 6 and 7). Kornegay (1969) reported no changes in daily gains or feed efficiencies of G-F pigs when urea (3% protein equivalent) was added to 11 or 14% protein diets in which soybean meal was the only source of protein. Wehrbein et al. (1970) evaluated an equimolar mixture of diammonium citrate and diammonium phosphate as a source of NPN in corn-SBM diets for G-F pigs containing a 16-14% protein sequence. Feed intake and daily gain decreased as increasing amounts of NPN were substituted for SBM protein. However, the decrease in daily gain was significant only for pigs fed a diet in which 20% of the protein was replaced by NPN. The gain depression was not as great when .2% L-lysine, .05% DL-tryptophan and .05% DL-methionine were added. In the present study, supplementation of limiting amino acids improved F:G of G-F pigs (figure 3), but did not appear to make the NPN more useful to pigs or rats. Platter et al. (1973) added amino acids to diets containing NPN and examined the effect on N retention in G-F pigs. A 10.9% protein opaque-2 cornsoybean meal diet supplemented with 3.1% protein equivalent from NPN (66% diammonium citrate, 6% monosodium glutamate and 28% glycine) was used as the control. Various levels of amino acids (lysine, methionine, tryptophan and threonine) were added, and comparisons were made with a 14% protein corn-soybean meal diet. There was a trend, although not significant, toward increased N retention when the NPN was added to the 10.9% protein diet fortified with amino acids. In the present study, amino acid supplementation of diets 2, 3 and 4 (giving diets 6, 7 and 8) improved F:G (P<.05), but supplementation of diet 1 did not. The substitution of NH4C1 for APP to supply equal levels of N in diets 4 and 8 (P supplied by DRP) did not improve performance (P>.05) of the growth with the addition of NPN to diets for G-F pigs. Grimson and Bowland (1971) also reported decreased feed consumption with the addition of NPN.
Percentages of ham and loin were not influenced (P>.05) by P source (APP substituted for DRP) or by amino acid supplementation of the diets. Differences in bone ash and in P content of the bone ash were small (P>.05). Ca content of the bone ash was more variable than expected (55.17 -+ 2.31%) and was not (P>.10) influenced by treatment.
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